Homotypic cell adhesion (homotypic aggregation) in activated monocytes plays a central role in physiological and pathological processes including inflammatory responses, differentiation and migration. The extract of the Prunus mume Sieb. et Zucc. fruit (Maesil) has potential benefits to human health; such as anti-viral, anti-microbial, and anti-cancer activities. Indeed, Maesil extract may modulate inflammatory responses via interference with homotypic aggregation in monocytes. In the present study, the molecular mechanisms underpinning the therapeutic efficacy of Maesil extract in inflammatory diseases were investigated. It was found that Maesil extract inhibited homotypic aggregation in lipopolysaccharide (LPS)-activated monocytes. This was mediated by reduction of nitric oxide (NO) production, partly via inhibition of inducible nitric oxide synthase (iNOS) expression in LPS-activated THP-1 cells. It was confirmed that NO inhibition is a key mechanism in Maesil induced blockade of monocyte aggregation through identification of reversal of this inhibitory effect by the NO-producing agent S-nitroso-N-acetyl penicillamine (SNAP). In addition, Maesil extract significantly attenuated LPS-induced IκB-α phosphorylation and NF-κB translocation into the nucleus. In conclusion, Maesil extract exerts anti-inflammatory effects via inhibition of homotypic aggregation of LPS-activated monocytes through mechanisms involving the suppression of NO production and NF-κB activity, suggesting Maesil extract as a potential therapeutic candidate for the prevention and treatment of chronic inflammatory diseases.
Introduction
The fruit of Prunus mume Sieb. et Zucc. (Korean name, Maesil) belongs to the Rosaceae family and there are several varieties of Maesil in Korea, including Cheonmae and Cheongchuk. It has long been used as a traditional remedy and health food in Korea, China, Vietnam, and Japan [6, 21, 26, 34] . To date, a number of phytochemical, pharmacological, biological, and clinical studies on Maesil have been reported [5, 7, 13, 16, 17] . Many chemical constituents have been isolated from Maesil extract including volatile compounds [27] , hydroxycinnamic acid derivatives [26] , citric acid derivative (mumefural) [7] , and triterpenoids [16] . Maesil extract has been reported to show anticancer [1, 13, 30] , antiviral [38] , anti-microbial [29] , anti-oxidant [37] , and cardiovascular protective [35] effects. Maesil extract has been used pharmaceutically in folk medicine for antitussive, expectoration, antiemetic, antidiarrheal, anthelmintic, and antipyretic actions [26, 37] . Despite the known beneficial effects of Maesil extract in chronic inflammatory diseases such as cancer and cardiovascular disease, there are very few reports concerning its antiinflammatory effects and the detailed mechanisms involved. The present study sought to determine a potential application for Maesil extract in phytoptherapy through identification of the anti-inflammatory responses elicited upon exposure of immune cells to multiple components of Maesil extract. Homotypic cell adhesion (homotypic aggregation) of activated monocytes is essential for physiological processes including immune response, differentiation, and monocyte migration. It is also intimately involved in the pathogenesis of chronic inflammatory diseases such as atherosclerosis [25] . Under chronic inflammation, proinflammatory stimuli, such as lipopolysaccharide (LPS), activate monocytes and induce the expression of cell adhesion molecules (CAMs) and the production of nitric oxide (NO) [9, 18, 36] . As a result, activated monocytes move to target tissues and induce heterotypic/homotypic cell adhesion [11] , indicating that CAMs and NO are key regulators of the inflammatory processes that control cell-cell adhesion [18, 32, 36] . During this process, increased expression of lymphocyte function-associated antigen-1 (LFA-1) is correlated with the induction of homotypic aggregation of monocytes [22, 24] . In addition, integrin β2, and intercellular adhesion molecule-1 (ICAM-1) have also been shown to be involved in homo-and heterotypic cell adhesion [31] . During inflammatory processes, the expression of inducible nitric oxide synthase (iNOS) is significantly induced by various proinflammatory stimuli such as LPS, interleukin-1β, and tumor necrosis factor, and large amounts of NO are produced [3] . Excessive NO is associated with cytotoxicity and pro-inflammatory activity [10] . Nuclear factor (NF)-κB is considered as one of the most important factors in the immune response. Activation of NF-κB in response to pro-inflammatory stimuli is initiated by the rapid phosphorylation of IκB-α, through activation of IκB-α kinase. Phosphorylation of IκB-α results in its proteolytic degradation by ubiquitination [15] , thus liberating the NF-κB complex and enabling translocation to the nucleus with subsequent activation of pro-inflammatory genes such as iNOS [15] . In addition, mitogen-activated protein kinase (MAPK) signaling is considered to play important roles in cell-cell adhesion [31, 33] and has been implicated in the regulation of iNOS expression [4, 5, 20] . In this study, the underlying mechanisms by which Maesil extract dampens the inflammatory response were investigated. It was found that Maesil extract inhibits the production of NO and NF-κB activation in LPS-stimulated monocytes, resulting in reduction of homotypic aggregation. These data support the proposal that Maesil extract has potential as a functional food material, prompting the need to expand research efforts in this area.
Materials and Methods
Preparation of Prunus mume fruit (Maesil) extract 
Western blotting
After cell activation for the indicated time periods, THP-1 cells were washed twice in ice-cold PBS and then lysed by a 30 minute rocking incubation in RIPA buffer (50 mM Tris, pH 7.5, 150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, and 1 mM phenylmethylsulfonyl fluoride). Nuclear and cytoplasmic extracts were prepared using Nuclear Complex Co-IP Kit (Active Motif) according to man-ufacturer's instructions. Cell debris was removed by centrifugation and total protein concentration of the soluble cell lysate was measured using the BCA assay (Intron). Equal amounts of protein (10~25 μg) were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and then transferred to a polyvinylidene difluoride membrane (Millipore, USA) at 300 mA for 1 hr. The membrane was blocked with 5% bovine serum albumin (BSA) and probed with antibodies specific to LFA-1, Integrin β2, ICAM-1 (Abcam), Tubulin, p-IκB-α, NF-κB p65, GAPDH (Cell Signaling Technology), Lamin A/C (Santa Cruz Biotech). After washing, the membranes were incubated with HRPconjugated secondary antibodies (Cell Signaling Technology) and immunoreactivity was detected using enhanced chemiluminescence (Amersham, USA).
Measurement of NO production
Intracellular NO content was monitored via the fluorescence intensity of DAF-2DA (Calbiochem). Cells were pre-incubated with DMSO or Maesil extract and were washed with HEPES buffer (5 mM HEPES, 140 mM NaCl, 5 mM KCl, 2 mM CaCl2, 1 mM MgCl2, 5 mM Glucose, pH7. 4) and treated with LPS. Following this, cells were incubated at 37°C in 5% CO2 with DAF-2DA for 30 min, harvested, and lysed by sonication. The fluorescence of collected supernatants was measured using a spectrofluorophotometer (RF 5301PC Shimadzu) at excitation and emission of 495 and 515 nm (slit 10 nm), respectively. NO content was calculated via fluorescence intensity [19] . were compared. Hot water extract from Cheonmae (CME) substantially inhibited homotypic aggregation of LPS-activated THP1 cells; Hot water extract from Cheongchuk (CCE) also exhibited inhibitory activity, but to a much lesser extent than Cheonmae hot water extract (Fig. 1A) . These data suggest that Cheonmae hot water extract (referred to as Maesil extract from here onwards), and to some extent Cheongchuk hot water extract, may confer potent anti-inflammatory activity against pathological processes in activated monocytes.
Results and Discussion
Maesil extract has traditionally been consumed as a sauce, a syrup, and as juice, with extraction methods employing hot water. However, it is also consumed as a liquor, which is extracted using alcohol. Thus, in the present study, Cheonmae Maesil was also extracted using water, 20%, 40%, or 100% ethanol and these preparations were investigated was inhibited up to 50% when concentrations of 1,040 μ g/ml Maesil extract were used (Fig. 1C) , suggesting that a concentration of 10 μg/ml Maesil (Cheonmae hot water) extract is sufficient to inhibit LPS-activated homotypic aggregation of THP-1 cells.
In vitro cytotoxic effect of Maesil extract against THP-1 cells
Next, it was investigated whether or not Maesil extract is capable of eliciting a cytotoxic effect on THP-1 cells. To assess this, THP-1 cells were treated with Maesil extract (0.1200 μg/ml) for 24 hr and then an alteration of LPS-induced cytotoxicity was analyzed. It was found that Maesil extract at concentrations of 0.110 μg/ml appeared non-cytotoxic, but Maesil extract at concentrations of 100-200 μg/ml was, if minimal, cytotoxic in THP-1 cells (Fig. 2) . Therefore, to exclude an experimental noise by Maesil extract-induced cytotoxicity, further experiments were conducted with Maesil extract at less than noncytotoxic concentrations (≤ 10 μg/ml). In addition, it is worthy of note that a range of concentrations (≤10 μg/ml) of Maesil extract employed in this study are likely to be physiologically and clinically rele- an extract of the Prunus mume, is able to relieve severe symptoms of patients with cancer when 6.5 g of MK615 was administered twice per day [12] . Based on this and other data, the effective concentrations (≤10 μg/ml) of Maesil extract used in this study are comparable to doses administrated in clinical and in vivo studies [12, 23] . It is also noteworthy that an advantage of using whole extracts seems likely to appear unexpected efficacy caused by unknown compounds in the whole extracts. Many studies have shown that such synergistic effects from unknown compounds in whole extracts occasionally render the crude extract more efficacious when comparing to a single compound isolated at the equivalent dose [8, 18] .
Maesil extract markedly inhibits the production of nitric oxide via suppression of iNOS expression in LPS-activated THP-1 cells, but not integrin beta 2 family members and ICAM-1
Given that homotypic aggregation of activated monocytes is regulated by NO production and CAM expression [18, 32, 36] , it is plausible that Maesil extract regulates these mediators, thereby crucially modifying homotypic aggregation of monocytes. Previous studies have shown that the integrin A B C Fig. 3 . Effect of Maesil extract on protein expressions of inducible nitric oxide synthase (iNOS) and cell adhesion molecules (CAMs) and production of nitric oxide in LPS activated THP-1 cells. THP-1 cells were incubated for 24 hr with 1 μg/ml LPS alone or in the presence of 10 μg/ml Maesil extract (ME). Protein levels of LFA-1, Integrin β2, ICAM-1 (A), iNOS (C) and tubulin were determined. Cells were treated with LPS alone or in the presence of 10 μg/ml ME extract and NO was measured (B). Data are plotted as bar graphs (mean ± S.E., n=3). *p<0.01. beta 2 family members including LFA-1, and integrin β2, as well as ICAM-1 are key molecules in the regulation of monocyte adhesion [22, 31] . Therefore, the effects of Maesil extract on the expression of LFA-1, integrin β2, and ICAM-1 in LPS activated THP-1 cells were investigated. THP1 cells were treated with 1 μg/ml LPS, alone or in the presence of 10 μg/ml Maesil extract for 24 hr and subjected to western blot analysis. The protein levels of the three CAMs were increased by LPS treatment, whereas Maesil extract had no effect on the protein expression of any of the adhesion molecules examined (Fig. 3A) . These findings suggest that Maesil extract at the low concentrations (10 μg/ml) regulates homotypic aggregation of activated monocytes through, if any, other CAMs than examined in this study. Accordingly, further experiments will be needed to identify cell adhesion molecules specifically involved in this event. To characterize underlying molecular mechanisms for the inhibition of homotypic aggregation of LPS-activated monocytes by exposure to Maesil extract, it was assessed whether Maesil extract regulates the production of NO in these cells. It is known that NO plays an important role in inflammatory responses via mediation of monocyte activation and cell adhesion [32, 36] . Many studies have shown that monocytes produce low levels of NO, but treatment with LPS induces high levels of NO in these cells [3, 10] . Consistent with previous studies, NO production was found to be remarkably elevated in THP-1 cells upon treatment with LPS. This
LPSinduced NO production was shown to be substantially diminished in the presence of Maesil extract, whereas Maesil extract alone had no effect on the basal NO level (Fig. 3B) .
Given that enhanced production of NO in LPSactivated monocytes requires the induction of iNOS protein [3] , the effect of Maesil extract on the expression level of iNOS was explored in these cells. Treatment of monocytes with LPS appeared to markedly enhance the expression of iNOS; an effect that was completely abrogated by concurrent treatment with Maesil extract (Fig. 3C ). These data suggest that
Maesil extract inhibits excessive NO production and dampens inflammatory pathways in LPS activated monocytes.
However, appropriate NO production plays a crucial role in physiological functions [2, 28] and thus a fine balance in NO production is fundamental to maintaining homeostasis in monocytes. In addition, phenolic compounds and terpenoids, which are known chemical constituents of Maesil extract, seems likely to have beneficial effects on chronic inflammatory diseases associated with excessive NO production [14] . It is therefore assumed that phenolic compounds and terpenoids may be key active constituents of Maesil extract that plays important roles in the regulation of NO production in inflammatory conditions. Detailed molecular mechanisms remain to be identified.
Maesil extract inhibits homotypic aggregation via inhibition of nitric oxide production in LPS-activated
THP-1 cells
To confirm whether inhibition of NO production by Maesil extract is a crucial factor for homotypic aggregation, Maesil extract for 60 min (Fig. 5A) . Phosphorylation of IκB-α leads to its degradation and this event releases NF-κB from the NF-κB/IκB-α complex in the cytoplasm, thus allowing translocation to the nucleus and subsequent promotion of pro-inflammatory gene expression, including iNOS. To be sure, the effects of Maesil extract on NF-κB translocation into the nucleus in LPS activated THP-1 cells were investigated. It was found that the nuclear fraction of NF-κB was increased by LPS. To the contrary, Maesil extract significantly attenuated the NF-κB translocation into the nucleus in LPS-stimulated monocytes (Fig. 5B) . These data suggest that
Maesil extract inhibits the NF-κB pathway through inhibition of LPS-induced phosphorylation of IκB-α and NF-κB translocation into the nucleus [15, 18] . However, further studies will be required to elucidate whether inhibition of the NF-κB pathway is directly involved in Maesil extract mediated inhibition of LPS-induced THP-1 cell homotypic aggregation via NO regulation. In conclusion, the present study provides an evidence for the following mechanisms: 
